Remote electronic voting systems (REVSs) have become a viable mechanism for official political elections. As an entirely automatic, electronic, technology-based voting environment, REVSs can enable remote voting, facilitate monitoring, voting and tallying, eliminate manual registration verification, and report immediate and accurate results. However, it is uncertain whether the use of REVSs could increase citizens' participation in elections. This study examines citizens' perceived acceptance of remote electronic voting system in the United States. By collecting the data from multiple sources, we compare the participation intention of using REVS among voters and non-voters, and citizens of different ages. We found that web-based REVS usage can significantly increase the participation of non-voting citizens, and that young adults have a strong preference to using REVSs. The implications and the recommendations about the use of REVS are discussed in detail.
Introduction
Democratic societies and organizations that require consensus to operate often use voting to determine consensus and to make decisions. Voting is also used to elect officers and decision makers at the federal, state and local government levels and in private organizations. Typically, a physical presence is required for participants to vote. Votes can be cast through a show of hands, vocally or mechanically (paper, voting machines, etc.) . More recently, organizations and governments have explored voting mechanisms that do not require a physical presence, such as absentee voting by mail, voting by telephone or voting via the Internet. As the United States government has increased the number and quality of its services on the Web, such as court case information (Kelly and Tastle, 2004) and election candidate information (Tolber and McNeal, 2003) , electronic voting is increasingly considered as an important next step in electronic government.
Although voting mechanisms are evolving, most voting systems face two major challenges. First, they must capture, record and report votes accurately and timely. The counting controversy over the 2000 presidential votes in the State of Florida of the United States caused by -chad‖ problems illustrate just how important accuracy can be (CalTech-MIT, 2001 ). However, even in the 2004 presidential elections, some United States counties started to use electronic touch-screen voting systems in booth, some system errors still occurred. For example, in Cuyahoga county in Ohio-the most critical state in that election-it was reported that more votes were cast than the number of registered voters in the region (Kaplan, 2005) . In addition, Georgia, which was the first in United States to use computers to tally ballots in 1964, successfully held a uniform state-wide computerized election by using in-booth direct-recording electronic (DRE) system in 2002 (Williams and King, 2004) . Though electronic voting system (EVS) still needs further enhancement, EVS did play the role in improving the quality of voting services.
Second, voting systems must encourage enough voting participation to ensure that true consensus is captured-for this reason many organizations have quorum requirements for critical votes. In the United States, voting participation can often be very low, particularly in state and local elections (quite often as low as 25% of registered voters), causing concern among governments and government watchdog groups who worry that special interest groups may take advantage of the situation.
There are several new initiatives attempts both at the state level-Democratic 2000 presidential election in Arizona (Done, 2002; Mohen and Glidden, 2001; Phillips and von Spakovsky, 2001 )-and at the federal level-Secure Electronic Registration and Voting Experiment (SERVE) (Federal voting Assistance Program, 2003) -that are exploring the use of new remote electronic voting systems with the intention of increasing voter participation.
Research Questions
In this study, we defined a remote electronic voting system (REVS) as an entirely automated, electronic, technology-based voting environment that enables remote voting, facilitates monitoring, voting and tallying, eliminates manual registration verification, and has immediate and accurate results. The debate about the pros and cons of remote electronic voting is considerable, with concerns about the voting process, voter participation, and the final turnout (Mohen and Glidden, 2001; ONS News, 2003; Phillips and von Spakovsky, 2001 (NSF, 2001) . Among them, security is placed as the primary concern, not only for REVS but also for electronic voting systems in general. There is considerable controversy over security-related issues, involving the entire electronic process of identification, ballot casting, tallying, transmission and storage (Lee et al., 2003; Lin et al., 2003; Economist, 2004; Heichler, 2003; RacDupress, 2004) . Coggins (2004) thus strongly advocates an independent qualification test on voting systems to ensure that they meet all legal requirements before they could be used in elections.
However, there are issues beyond just technical ones to consider for remote electronic voting in public elections. In general, the social issues surrounding electronic voting can be broken into two sub-groups: political issues and human behavioural issues (NSF, 2001) . The political concerns are closely associated with possible changes in policies and in the election process, including the effects of an REVS on federalism, deliberate democracy, election process design, and other legal concerns. Human behavioural issues concern human attitudes and behaviours towards an REVS, the effect on voter participation, and the effect on communities. The most obvious are concerns raised about unequal participation due to a potential digital divide, a phenomenon associated with the disparate use and access of Internet technology, among the voting population. Brazil has already held an all electronic national election (Riebeek, 2002) ; the Brazilian government considers the digital divide as a critical issue (Joi, 2004) . The first online Democratic Party presidential primary election in Arizona in the United States was nearly cancelled due to a lawsuit that alleged a discriminatory election process (Solop, 2001 ).
We believe the social issues are just as important as the technical ones. Voters' attitudes which directly impact their participation-and, in turn, the final election results-will be an on-going challenge. It is all too common to see the implantation of technically-sound systems that are rejected by consumers for behavioural reasons.
Hence, in this paper, we focus on behavioural social issues, as we believe that the technical issues will eventually be solved, although perhaps not as quickly as some people would prefer. It is also likely that technical solutions may involve a considerable economic investment. In particular, some of the security-related problems may cost a considerable amount of money to resolve, and their solutions may include a larger investment in infrastructure and monitoring devices than most governments had originally planned for. The concerns (technical, social and economic) regarding electronic voting, have caused some to wonder if the potential benefit is really worth it. Without evidence for a potential benefit, it doesn't seem reasonable for governments to invest more in electronic voting.
One benefit suggested by many of the organizations who are looking at using electronic voting is an increase in voting participation. In this paper, we study the question: Will the newer forms of remote voting actually increase voting participation? To answer this question, we gathered information from several sources.
First, we looked at data collected by the United States Census Bureau (US Census Bureau, 2005) , which asked people why they did not vote in recent elections. Second, we looked at studies of absentee voting by mail, using the State of California as an example. We reasoned that if this form of remote voting increased participation, other forms of remote voting could as well (Patterson and Caldeira, 1985) . In addition we reviewed reports from experimental remote electronic voting trials in Arizona (Done, 2002; Solop, 2001) , California (Reed, 2000) , Oregon (Reed, 2000; Wyman, 2000) and the United Kingdom (Flood, 2005) . Finally, we conducted our own survey of people in Louisiana to capture attitudes towards various remote electronic voting system mechanisms.
In addition, we also examine the question: Which mechanism of REVS do voters prefer? We focused on two mechanisms suitable for remote voting: Web-based and telephone-based. A Web-based REVS operates using the World Wide Web, permitting voters to participate on-line. A telephone-based REVS is an interactive voice response system that uses touch-tone telephones for voting.
Why People Say They Don't Vote
The United States Census Bureau collected information on why people did not choose to vote during the November 2000 and 2004 federal elections despite the fact that they were registered to vote (US Census Bureau, 2005) ; that is, we examined not just people who were eligible to vote, but those who had registered their prior intention to do so. We classified these reasons into two main categories: those that an REVS could address and those that an REVS could not address (Table 1a , approximately 50% of them gave reasons that we believe could be overcome by a remote electronic voting system, such as -too busy‖, conflicting schedules, illness or disability, out of town, inconvenience, transportation problems, or bad weather. Approximately 3 to 4 million people in each election indicated that they did not vote due to conflicting schedules or being too busy. Table 1a and b here This information reveals more when divided into age groups. Different age groups clearly have different concerns. For example, the 65+ group is primarily affected by illness or disability (45-50% listed this reason) while the other age groups are primarily affected by conflicting schedules and being out of town (these two categories combined account for between 28% and 37% of the other groups). Since REVS can address at least half of the reasons given for not voting, we believe this data supports our premise that REVS availability could increase voter participation.
But Would They Really Vote?
Presumably, some of the reasons for not voting can be addressed by any remote voting system. Therefore, it would be instructive to look at the results from another form of remote voting, absentee voting by mail, to see if voting participation increased. In 1978, the State of California instituted a new absentee voting law with the intent of increasing the number of voters by -abandoning restrictions limiting eligibility for those too ill to go to the polling stations or to those who would be travelling on Election Day‖. An increase (as large as 20% in some counties) in voter participation was observed as a result of this law (Pattterson and Caldeira, 1985) .
Absentee voting has become more popular over time. Reed (2000) reports that absentee voting increased in Monterey County, California from 4.4% of the voters in 1978 to 23% in 1998. The limitation of this kind of remote voting is that it requires advance planning.
Other remote voting studies in Oregon report that 76% of the voters polled would favour remote voting over traditional booth voting (Wyman, 2000) . A study of on-line voting in Thurston County, Oregon reports that 91.5% of the people who tried it stated they would choose to vote on-line if available and 66% reported that it was easier to vote on-line than with the current mechanical systems (Reed, 2000) . We believe that evidence from absentee voting and the existing trial remote voting systems indicates that voters will use an REVS and voting participation is likely to increase as a result. Electronic voting is not only an issue in United States. UK government has conducted 17 pilot projects in the local and European elections to test the effects of multiple REVS (Henry, 2003) . The two largest e-voting projects were conducted in Sheffield and Swindon in 2003 (Flood, 2005) . In Swindon, turnout increased by 15% when Internet voting was offered to citizens. That was exactly the same percentage people who used the Internet to cast their votes. 92% of voters also said they would use e-voting in a general election. In Sheffield, when voters were offered the choice of voting using traditional methods, the Internet, mobile phone, touch-tone telephone, and smartcards, the net increase in turnout was 5.2%. 34% of voters in Sheffield indicated that these REVSs made them more likely to vote in an election (Flood, 2005) . Participants were asked to indicate how likely they would be to vote in the next national election using traditional booths versus a Web-or telephone-based remote electronic voting system (REVS). We excluded 166 respondents who were neutral between booth voting and an REVS, thus obtaining 375 unambiguous responses. Respondents' answers classified them into four groups: (1) those who would not vote regardless of availability; (2) those who would only vote using a traditional booth; (3) those who would prefer voting by REVS over traditional booth voting; and (4) those who would only vote if an REVS was available. We compared the responses of recent voters versus non-voters, and we compared voting preferences by age groups. Our survey results are summarized in Table 2 .
Attitudes towards Remote Electronic Voting Systems

----------------------------------------------------------------------------------------Insert Table 2 here ----------------------------------------------------------------------------------------
Voters versus non-voters
First, we conducted non-voter analysis for a rough comparison with the US census non-voter data. We asked, -Did you vote in any local, state or national election in the past 15 months?‖ For our sample, only 56 (14.9%) indicated that they did not vote in the last 15 months. This reflects an obvious bias introduced by the large number of participants who were surveyed as they exited the polls. Using a chi-squared test we found that there are significant statistical differences between REVS preferences of recent voters and non-voters. The most significant difference between the two groups occurs for the respondents who said that they would vote in the next election only if an REVS was available (33.9% of the non-voters vs. 0.9% of the voters). This finding strongly supports our argument that REVS availability would increase voting participation. It is also interesting to note that 67.8% of voters indicated a preference for an REVS (over traditional booths) compared to only 41.1% of non-voters. This preference was predominantly for Web-based REVS (44.2% of voters vs. 32.1% of non-voters). We believe that these numbers reflect a preference for the convenience of Web-based vs. traditional booth voting. They may also reflect a preference for a graphical user interface and the ability to change a vote before submission-advantages on-line voting has over most telephones. Such preferences may become irrelevant as the difference between telephone-and Web-based REVS decreases with the increase in mobile or wireless computing and an increase in the number of cell phones providing Internet access.
Age
Our second analysis of REVS preference was based on age differences. For our sample, the ages were fairly evenly distributed with the exception of the 65+ group, which had only 21 usable responses. Using a chi-squared test, we found that there were significant statistical differences in REVS preferences among the four age groups. For the two extreme categories (would only vote in a booth or would only vote using an RVS), the age distribution is consistent with stereotypical expectations: 47.6% of the 65+ group would only vote in traditional booths, versus 11.3% of the 18-24 group. Predictably, the other two age groups fell in between (28.2% for 25-44 group and 33.6% for the 45-64 group). At the other extreme, 17.5% of the 18-24 group would only vote using an REVS while only 1 or 2 people (less than 1.5%) of the two mid-range age groups indicated that preference. None of the 65+ group chose this option. This finding is consistent with Solop (2001) and Done's (2002) results. This is most likely due to the amount of technology exposure and computer use for each age group. In general, younger adults have had more exposure to technology and have used computers more often than older adults. The youngest adults may have used computers in school. The working adults have most likely used technology at work. Retired adults living on fixed incomes may have very little exposure to either computers or technology. The differences may also reflect reluctance in older citizens to change their mental models and patterns of voting behaviour and may be an indication of their comfort level with and mistrust of technology in general. It is interesting that the 18-24 participants predominantly preferred Web-based REVS whether they indicated they would only vote using an REVS (17.5%) or they merely preferred using an REVS over a booth (48.5%). Again, a Web-based REVS appears to be preferred over a telephone-based REVS.
The preferences for the moderate option, those who prefer REVSs but are willing to vote in booths, are not stereotypical. The 25-44 age group significantly prefers this option (70.1% of respondents selected it). The next highest group was the 45-64 group (62.1% prefer this option), followed by the 18 to 24 group (61.9%). The 65+ group showed the least preference for this option (only 47.6%). However, for the 65+ group, there was no difference between this preference and a preference for voting only using a booth (also 47.6%). Also interesting in this group was a marked bias against a telephone-based system (only 1 individual preferred it). This may be due to negative experiences with automated telephone services. Unfortunately due to the small sample size for this age group it is impossible to generalize any findings.
However, within the moderate option (preference for an REVS but willing to use a booth), the differences between age groups does follow a stereotypic pattern.
Every age group indicated a preference for Web-based REVS (over telephone-based).
This preference was strongest in the18-24 group (48.5%) and decreased with age (47.9% for 25-44 group, 35.7% for the 45-64 group, and 28.6% for the 65+ group).
The strong preference for REVS use among young voters is especially encouraging as this is the group that traditionally has the lowest rate of voting participation [4] .
Although the age-based REVS mechanism preference trend is predictable, what is interesting is the fact that such a large percentage of respondents of all ages indicated a preference for REVS availability in future elections. We believe that REVS availability may particularly attract the young adult voters (18-24) who typically have the lowest participation rates. However, our survey indicates strong support at all age levels for REVS use, particularly Web-based REVS use in future elections.
Implications and Conclusions
The most important message for governments, organizations and REVS developers is that evidence from multiple sources (US Census, absentee voting studies, experimental remote electronic voting trials, and our own survey) indicates a significant broad-based support for REVS in voters of all ages. In addition, the evidence suggests that REVS availability will increase voter participation in any voting process that uses an REVS. An REVS clearly appeals more strongly to younger voters, who demonstrate a marked preference for Web-based REVS. We believe this is due to several factors including a higher level of exposure to technology in general and the Internet specifically which results in a higher level of comfort using such technology and a higher level of trust of this technology. It may also be due to an increasing resistance to change behaviour as an individual grows older. But even among the most resistant group (65+), respondents were as likely to prefer booth-only voting to indicating a preference for REVS voting (split roughly 50/50 between those two options). Apparently what is important to that age group is having voting booths remain as a voting mechanism option. We believe that this age group is particularly concerned with security and privacy during voting and believe that a voting booth offers the most secure and private voting mechanism.
It is also clear from our survey that the Internet is the preferred REVS mechanism (over telephones or no preference between them). We believe this is due to the advantages an on-line system provides over a strictly voice-based system such as a graphical user interface, the ability to change votes multiple times prior to submission, and the ability to review or even print out voting information. As mobile computing becomes more prevalent, we expect the advantages provided by a webbased REVS to increase as voting will become increasingly independent of delivery device, time and location.
Currently, besides the option of the Internet, mobile devices such as cell phones and PDAs could also be used for voting. In the private sector, Audience Alive, a company located in South Africa, provides mobile voting solutions which uses mobile phone technology to create a real-time, interactive communication channel between the organization and the audience (Audience Alive, 2005) . In the public sector, a number of initiatives are trying to provide services via mobile devices. For example, a framework was proposed for the setup of mobile government (mgovernment) (Sharma and Gupta, 2004) and XML is significantly studied in order to provide governmental services through multiple devices (Vassilakis et al., 2004) . In Europe, there is an ongoing experiment involving 31 cities to adopt information and communication technologies to improve the government services (Evan, 2004) . 29 out of the 31 reported that there is an increase in interactive communications between citizens and administration. Furthermore, in June 2003, the Kedah UMNO political party of Malaysia launched mobile election operation rooms and successfully conducted the elections using mobile devices (New Straits Times, 2003) . However, security issues seem more significant in information transmission by mobile devices (Sharma and Cupta, 2004) , as the signals are easier to hack than in the case of cable Focus on young adults and encourage their use of REVS. This group is the most likely to use REVSs in elections. However, as this age group is presumably the most technologically savvy group, they could also be the least tolerance of technical deficiencies such as response time delays. Allow young adults to try REVSs, and then improve their performance accordingly.
Conduct more experiments by using REVS to test feasibility and encourage wide participation. Early users reported high levels of satisfaction and support for REVS, but the number of voters actually using such systems was small and therefore should have had a minimal impact on such things as response time, down time, and denial of service. Marketing efforts should more aggressively publicize the current success stories from state and federal REVS initiatives.
Carefully evaluate the reasons why voters want the option to use REVS and make sure that those reasons are adequately addressed in their design. In particular, since convenience and time or location independence seem to be the predominant excuses for non-voting, an REVS should be designed to increase convenience and minimize any time or place requirements.
Ensure that appropriate security and privacy are guaranteed to maintain a high level of trust and confidence in an REVS. The security and feasibility issues need to be well addressed by computer scientists. Even the interface design and disability accommodation should be taken into considerations. Only with the collaboration with politicians and computer professionals can this be properly
executed. An independent auditing system is also critical in ensuring the reliability of REVSs. How to embody the code of law in the software code to control the operations of voting systems is a challenge to all system designers (Mercuri and Camp, 2004) . Smart cards are also considered as a possible option for identification and authentication in government services to enhance the security (Smith, 2004) . Furthermore, there is a debate about whether opening source code of the voting system to the public can increase the security (Kitcat, 2004; Evan, 2004) .
Establish a regulatory body to certify and manage the installation and operation of electronic voting systems. Since the quality and reliability of electronic voting system manufacturers varies, it is absolutely critical for the government to issue laws to formalize the operation and management of electronic voting systems. Not only would such laws increase the confidence of the public in using electronic voting systems and REVSs, but they could also serve to guide system designers and voting officials in planning and executing voting activities via REVSs.
Though quite a few problems are not yet solved, with the continuous efforts from the government, computer scientists, politicians and system designers, we believe that it is nonetheless feasible and effective to increase voters' participation by using REVSs. In December 2002, The United States Congress passed the Help America Vote Act (HAVA), authorizing $3.8 billion in federal funds. A large proportion was allocated to replace the old punch card machine and lever-voting machine (Evan, 2004) . So far, things have significantly improved. By comparing the machines used in presidential elections throughout the United States, the use of punch card equipment has declined from 16.93% in 2000 to 9.39% in 2004 while electronic voting system usage has doubled from 9.93% in 2000 to 21.4% in 2004 (Evan, 2004) .
These changes have improved services and reduced potential errors in elections.
However, the advances are still not aggressive enough. Considering more than 5 million persons who can not cast the ballots as they were out of town and those overseas militaries (Shamos, 2004) , it is well worth investing REVS to provide the opportunities. If governments and organizations wish to improve participation, they need to focus on making voting more convenient and more widely available to participants. A viable option choice is a remote electronic voting system. 
